The objetive of the present study was to investigate the effect of the reduction of blastocele fluid before vitrification with the application of collapsing and the effects of this procedure on the expected results of in vitro fertilization protocols. Methods: A retrospective casecontrol study was conducted with patients who sought assisted fertilization services from January 2015 to October 2017 at Reproferty Clinic. After submission to the ethics committee, data from 106 patients were divided into two groups: 42 cases represented by those who had artificially collapsed blastocysts per laser pulse before vitrification and 64 controls corresponding to patients where artificial shrinkage of expanded blastocysts was not performed. By statistical analysis, the means and standard deviation of each group were obtained, which were compared by the Mann-Whitney test, at a 95% significance level. Results: the results showed that there was statistical significance comparing the group of cases and controls in the parameters related to embryo freezing, survival and transference as well as to the rates of positive beta human chorionic gonadotropin, clinical pregnancy and live births. Conclusions: the study demonstrated evidence that vitrification after artificial laser collapse of the blastocyst is safe, effective, and more efficient than vitrification of non-collapsed blastocysts in vitro fertilization protocols, however further studies are needed to evaluate the efficiency of artificial shrinkage in routine protocols.
Introduction
In vitro fertilization (IVF) technologies have brought great hopes for infertile couples in the world. However, the success of embryo implantation and decrease of perinatal morbidity depends not only on its quality, but also on the receptivity of the endometrium as well as the maternal microenvironment and embryonic signaling with the uterine cavity. 1, 2 In IVF centers, more and more specialists have shifted to transference of frozen embryos (TEC), instead of fresh transfer. [3] [4] [5] This is due to the fact that the transfer of fresh embryos in patients with ovarian hyperstimulation syndrome (OHSS) can lead to death risk for the patient. [5] [6] [7] Emphasizing the importance of the TEC, there are many reports that a stimulation in the treatment of IVF and the exposure of women submitted to high hormone levels may alter endometrial receptivity.
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Research Article Laser collapse performance in blastocysts applied before vitrification Based on these facts, many centers have chosen to freeze all embryos to transfer them in a next cycle, method known as "Freeze-all strategy". 1, 5, 7, 9 The first pregnancy obtained by transfer of frozen and thawed embryos was reported by Trouson and Mohr in 1983 and since then, the cryopreservation of embryos has been used as standard procedure in human reproduction clinics. [10] [11] [12] Thus, three main methods of cryopreservation have been employed: slow freezing, ultra fast freezing and vitrification.
Cryopreservation of gametes or embryos plays an important role, it is performed to disrupt all biological processes in a cell, decreasing the cell temperature to -196 °C, where at this temperature, the metabolic activity is discontinued. 13 However the cell is composed of 80% water and extreme temperatures can be lethal due to unavoidable frost damage. 14 Therefore, many studies have been reported showing reduced time of the cryopreservation procedure, aiming to eliminate the high costs with equipment and also to improve the quality of frozen and thawed embryos in order to promote good results in the pregnancy rate. 8, 11, 15 One way to achieve these goals was through the use of vitrification techniques, which, other than slow freezing, requires a radical increase in both the concentration of the cryoprotectants and the rate of cooling. 16, 17 Current procedures describe that the exposure of the suspended cells in a small volume of cryoprotectants in high concentration, for a short period of time and placed at low temperature directly on nitrogen liquid at -196 ° C does not allow the formation of ice crystals. Thus, the cryoprotectants act primarily on the biological membranes of the blastomer, or either in the plasmatic membrane and in the organelles avoiding the formation of crystals during the freezing process. 18 The high cooling rate used for vitrification with tiny liquid volumes, in turn, allows the reduction of cryoprotectants concentration and therefore an improvement in the effectiveness of the technique is verified. 4, 10 Recent advances in embryo culture systems development of human IVF embryos in blastocysts, is a way to select more viable embryos and more receptive to the uterus. The transfer of blastocysts obtained on this way, has become promissory for increasing pregnancy rates. 12 On the other hand, the technique of embryo vitrification of blastocysts encounters an important limitation. Blastocysts present an internal cavity (blastocele) composed mainly of water that can therefore form ice crystals when the temperature is reduced and can cause internal cell mass and trophectoderm damage.
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It is interesting to note that blastocysts have the advantage of containing numerous small cells and the loss of some of these cells during the freezing and thawing is less detrimental to the embryo development. However, it should be emphasized that the formation of ice crystals is directly proportional to the volume of the blastocele liquid which may affect the blastocyst survival rate. 4 In order to overcome this problem many researchers presented methods for obtaining collapse of the blastocele prior to vitrification, with purpose of increasing the success of the technique. 12, [18] [19] [20] [21] The collapse of blastocysts can be induced by mechanical means such as repeated pipetting with micropipettes of different diameters or by drilling the blastocyst using micro needles of different calibers. 19 Recently, the directed laser pulse was proposed as an alternative to mechanical collapse, and its use is currently widespread. This technique employs high energy, light and, consequently, heat, to dissolve or disintegrate the pellucida zone, thus allowing the removal of a single blastomer of the embryo. The laser performance correlates with three different properties: power, wavelength and pulse duration, which are the determinants of their effects on the embryo and surrounding environment. 22 In this context, the present study aimed to investigate the effect of reduction of blastocele fluid prior to vitrification with the application of collapse at the effects of this procedure on the expected survival of embryos; of the positive pregnancy result through serology with positive beta human chorionic gonadotropin (BHCG); clinical pregnancy and live births.
Methodology
A retrospective case-control study was conducted with patients who sought assisted fertilization services in the period from January 2015 to October 2017 at Reproferty Clinic, after submission to the ethics committee.
Inclusion criteria
The medical records of patients who had blastocysts expanded, artificially collapsed and not artificially collapsed; vitrified on day five in IVF cycles and thawed for further transfer.
Sample
The patients were selected and divided into two groups: the group of the study cases represented by 42 patients who had blastocysts artificially collapsed by laser pulse before vitrification and the control group by 64 women whose expanded blastocysts were not artificially shrunk.
Stimulation protocol
All patients in the study were treated with GnRH antagonist and ovarian hyperstimulation was considered from the administration of gonadotrophins at doses adjusted according to the clinical response. The human chorionic gonadotropin (hCG) was administered for ovulation firing when the follicles reached values greater than 18mm in diameter.
Embryonic culture and artificial laser collapse
Removal of oocytes was performed 36 hours after hCG administration and the oocytes were inseminated by intracytoplasmic sperm injection (ICSI) and placed in culture medium. Fertilization was accessed 18 to 20 h after injection. The cleaved embryos were transferred on the third day to culture medium specific for blastocysts. Artificial collapse was performed with the use of the Octax 1.48 uM laser (MTG, Germany), with a single pulse of 300 μs applied at the junction of the trophectoderm cells, giving rise to an opening in the pellucida zone. The collapse was obtained after eight to 10 minutes.
Vitrification of blastocysts
The blastocysts were vitrified on day five and classified according to the Gardner scale.
Only blastocysts AA, AB and BB with greater blastocele or equal to half of the embryo volume were included in this study. The vitrification of the collapsed blastocysts was done using the Freeze Kit of vitrification according to with the instructions of the Kit. The palettes used were cryotop.
Desvitrification of blastocysts
The heating was performed with the thaw vitrification Kit according to with the manufacturer's instructions and the blastocysts were transferred to the culture. Its survival was determined by the presence of internal cell mass and trophectoderm, as well as by the expansion of the blastocele cavity, after three hours from thawing.
Transfer of blastocysts
After endometrial preparation, the respective surviving blastocysts of each patient were evaluated and transferred to the uterus. Pregnancy was first confirmed by the serology of BhCG with positive result, 12 days after transfer. The clinical pregnancy was determined by the presence of a heart beat on ultrasound examination, 30 days after the transfer.
The number of live births after transfer of collapsed, vitrified and devitrified blastocysts were also computed.
Statistic
In the statistical analysis, the means and standard deviation of each group, which were compared by the Mann-Whitney test, at a level of 95% of significance.
Results
We retrospectively reviewed the medical records of 106 patients and divided them into two groups according to whether their blastocysts were or were not collapsed (case-controls). The results are shown in Table 1 and Figure 1. 
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Discussion
The different stages of maturation of the blastocyst have an impact on the success of vitrification. Thus, the blastocyst with a small blastocele and non-expanded cavity differs structurally from the expanded blastocyst because the las one contains a large volume of liquid, providing a longer exposure time to the cryoprotectants and a greater risk of formation of ice crystals. 23, 24 In addition, human blastocysts in comparison with those of other mammals such as the rat and cattle, suffer more damage due to the formation of ice, probably because they are less permeable to cryoprotectants and water, shrinking more slowly in cryoprotective solutions than blastocysts of the other animals mentioned. [25] [26] [27] In the present study, it was found that the use of blastocyst collapse with a little laser shot at the junction between two trophectoderm cells, in a region away from the internal cellular mass, before vitrification improved embryo survival, since among the non-collapsed blastocysts all the analyzed rates were lower. This difference can be attributed to inappropriate dehydration and mechanical damage caused by the formation of ice crystals that should be avoided reducing the water content of the blastocele by artificial shrinkage.
In this context, Mukaida et al. 19 concluded that a large blastocele may decrease the potential of cryopreservation, but the process of shrinkage before vitrification, even if artificial, improves statistically the rates of blastocysts survival, of clinical pregnancy and of live births. Iriarte et al. 23 revealed that the use of collapse in expanded blastocysts increased the survival rate of embryos and reduced the cancellations of post-thaw embryos. Research Article
Laser collapse performance in blastocysts applied before vitrification However, they did not observe differences in pregnancy rate and implantation rate, but attributed the fact to the small sample size of the study.
Duke et al. 28 demonstrated that more blastocysts survived when suffered mechanical collapse of blastocele during slow freezing. Son et al. 29 obtained similar results in cases of blastocyst survival mechanically collapsed and vitrified.
In the present study, it was observed that the use of laser in the collapse of blastocysts resulted in minimal damage to the cell, also a higher survival of the frozen embryos and statistical significance in the rate of pregnancy, clinical pregnancy and births. According to Desai et al., 18 artificial mechanical or laser shrinkage before vitrification can reduce DNA damage in expanded blastocysts and reexpansion after thawing, however incomplete collapse at the moment of vitrification was reported to be more frequent with the use of the mechanical rather than laser collapse. In relation to reexpansion, the authors cited that the use of the laser significantly decreased the recovery time of the blastocysts compared to those mechanically collapsed. Kovačič et al. 30 in a prospective observational study, using time lapse described that in blastocyst thawing after artificial collapse, reexpansion is faster than in non-collapsed blastocysts, but did not report correlation with the birth rate.
Several papers whose authors experimented the application of the laser collapse technique in expanded blastocysts demonstrated its efficiency, with improvement in survival rate, pregnancy rate and implantation rate, reducing cancellations of transfers after thawing. 12, 20, 31 On the other hand, in the research conducted by Marcos et al., 32 the authors affirm that the collapse reduced the implantation potential of the transferred blastocysts. They reported that the collapse could act adversely in the implantation, either because it affects the quality of the embryo or by directly reducing its implantation capacity resulting in lower rates of clinical pregnancy. It should be noted that in the present study the number of embryos transferred in the group of collapsed was slightly larger due to better survival rate, however Macer et al. 33 demonstrated that there was no difference in the rate of BHCG positive and implantation when two blastocysts were transferred instead of one.
Complement Chae et al., 34 referring in their research to groups of embryos of good quality there was no significant difference in the transfer of a or two blastocysts, since the rate of implantation and pregnancy in progress was equal in two groups. Other authors have shown similar results.
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Conclusion
The study demonstrated evidence that vitrification after artificial laser collapse of the blastocyst is safe, effective and more efficient than vitrification of non-collapsed blastocysts with respect to: survival, pregnancy, clinical pregnancy and live birth rates. However, more prospective studies are necessary to evaluate the efficiency of artificial shrinkage in routine protocol of stimulation.
